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[5 7 ] ABSTRACT 
If a time domain equalizer with capacitive-resistive 
voltage dividers for adjusting the level of the individual 
time-delayed partial signals as commonly employed for 
high frequencies is to be used to equalize broad com 
munication bands, the noise requirements for the lower 
communication band cannot be satis?ed because of the 
frequency response of the voltage dividers. This effect 
is reduced by adding to the signal to be corrected, 
besides the signals delayed by n.7, at least one signal 
delayed by r/m. 

2 Claims, 2 Drawing Figures 
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"TIME DOMAIN EQUALIZER‘EOR BROADBAND 
- COMMUNICATION SYSTEMS ‘ 

BAcKoRouNoorjTHE INvIzNTIoN" - .~ 

Time domain equalizers for broadband communica 
tion systems with a delay line haying several taps which 
are displaced from each other by a timerpdifference 1' 
corresponding to a half cycle of the upper-cutoff'fre 
quency of the signal to', be corrected, wherein echos 
delayed by integral multiples of 'r and tapped off from 
the taps of the delay line and adjusted in level by means 
of voltage dividers formed from differential-capacitor 
plates and low input resistances are vectorially added 
to or subtracted from the signal to be corrected, which 
is coupled out via a capacitor, wherein the signal ob 
tained in this way is then ampli?ed, andwherein the 
frequencyresponse resulting from the use of the volt 
age dividers vis corrected, ..are known from German 
printed application No. 2,135,213..» - 
During work on a time domain equalizer for a 10,800 

channel-carrier-frequency system, which occupies a 
frequency band from 4 to 60 MHz, it turned out that 
such a time domain equalizer could not be realized-f0 
this frequency band. . ' 

, SUMMARY OF THE INVENTION I ' 

his the object of the invention to provide a ‘time 
domain equalizer which is also usable for broad fre 
quency bands containing such high frequencies. The 
manner in which this object is obtained is apparent 
from the claims. - - 

Advantages 
The advantages of the time domain equalizer in ac 

cordance with the invention are that suf?cient noise 
suppression can be achieved, that it permits the use of 
a low-noise ampli?er with suf?cient control range as 
commonly used for this frequency band, and that the 
problem of correct addition and subtraction of the 
individual re?ected signals-can be solved satisfactorily 
from a technical point of view. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The invention will now be described in more detail 
with reference to the accompanying drawing, showing, 
by way of example, a preferred embodiment of the 
invention. In the drawing, 
FIG. 1 shows the time domain equalizer disclosed in 

German printed application No. 2,135,313, and 
FIG. 2 shows the time domain equalizer in accor 

dance with the invention. 
The known time domain equalizer shown in FIG. 1 

corresponds to the one shown in FIG. 2 of German 
Printed application No. 2,135,213. It contains a tapped 
delay line designated by TDL l, with the delay between 
two successive taps being 1-, which corresponds to a half 
cycle of the upper cutoff frequency of the signal to be 
corrected. The signal to be corrected is applied through 
the bidirectional branch and through the appropriate 
unidirectional branch of a hybrid circuit H to the input 
of the delay line TDL 1, whose output is terminated in 
a resistance TR corresponding to the characteristic 
impedance Z of the delay line. Re?ected signals de 
layed by 'r, 21', (n—l )1- are tapped from the taps of the 
delay line TDL l, and re?ected signalsdelayed with 
respect to the input signal by nr are taken from the 

5 

2 
output of the delay line. These re?ected signals are 
{each applied tothe, rotor of a differential capacitor D1 

Dn. One stator of each of these differential capaci 
tors is connected to a bus SL, and the other stators are 
connected to a bus DL, with SL connected to the add 
ing input, and DL to the subtracting input, of a sum-dif 
ference. network SDN. From the other unidirectional 

' branch of the hybrid circuit H, the signal to be cor 
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rected is applied without delay through a capacitor C to 
the sum-difference network SDN, where the difference 
‘formed from the ‘re?ected signals of the bus SL and 
from ‘those of the bus DL is added to it. The hybrid 
circuit-H prevents the echos applied to the busses SL 
and DLjfrom travelling through the capacitor C back to 
the input of the delay line. 

In the present case, the sum-difference network SDN is 
a differential transformer T1 through which the input 
resistance of the ampli?er A1 of a following ampli?er 
corrective network AEN 1, which input resistance tends 
to O, is coupled in as the low-end voltage-divider 
impedance for the differential-capacitor plates between 
the busses SL, DL' and ground. The voltage dividers 
formed in this way from a capacitor and a low-value 
resistor in series do not only have a high division factor; 
they are also frequency-dependent, so the following 
ampli?er corrective network AENl must not only 
provide a relatively high gain, but also equalize the 
frequency response‘. caused by the voltage dividers. 

In the example shown, this is done by connecting a 
suitably frequency-dependent element E1 in the form 
of a capacitor CF into the feedback loop of anampli 
?er. Thus, a strictly speaking, linear ampli?er Al and a 
frequency-dependent equalizing element El are pre 
sent in this case, too. , . 

During work on a time domain equalizer for a useful 
frequency band of 4 to 60 MHz, it turned out that this 
time domain equalizer was not realizable for this fre~ 
quency range. An ampli?er in which frequency 
dependent shunt feedback is applied to the input has no 
constant input impedance over a wide frequency range, 
but its input impedance is frequency-dependent itself. 
In the present case, it increases with decreasing fre 
quency. Although the resulting reduction in the fre 
quency response of the voltage dividers is desirable, 
because the ampli?er then requires less gain for the low 
frequencies, an increase in the input resistance of the 
ampli?er with decreasing frequency necessitates busses 
SL and DL whose characteristic impedances are fre 
quency-dependent in the same sense in order that no 
undesirable echoes are caused on the busses SL and DL 
by re?ections; these echoes would make 'a correct addi 
tion and subtraction of the re?ected signals impossible. 
Such busses are not realizable, however. 
The realization of an ampli?er with so strongly fre 

quency-dependent shunt feedback and a gain increas 
ing toward low frequencies also presents problems 
because at such high frequencies no suf?cient stability 
can be achieved because of the unavoidable self 
capacitances and self-inductances of the components 
and circuit boards used. A substantial portion of the 
noise suppression achieved by the low re?ected-signal 
source impedance, which is equal to the low-end volt 
age-divider impedance, is lost again as the high division 
factors at low frequencies require correspondingly high 
ampli?cation factors which entail corresponding noise. 
Furthermore, the strong frequency dependence of the 
ampli?er narrows the ampli?er’s workable control 
range. 
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For these reasons, a different approach has to be 
adopted for the time domain equalizer according to the 
invention, shown in FIG. 2. The ampli?er corrective 
network AEN 2 used here consists of a linear, low 
noise ampli?er A2 with a 75 0 input and output as 
commonly used for this frequency range and as can 
also be employed for this range at many other points of _ 
a carrier-frequency system, and of a following frequen 
cy-dependent element E2 which, in this case, performs 
the function of a de-emphasis network. The sum-differ 
ence network SDN again consists of a differential trans 
former T2 which transforms the 759 input resistance 
of the ampli?er A2 to a value in the range from 10 to 
200. and couples in this value as the low-end imped 
ance of the voltage dividers between the busses SL, DL 
and ground. Busses SL and DL with an impedance 
value between 10 and 209 with respect to ground can 
be realized for the speci?ed frequency range and also 
for higher frequences as microstrip lines using circuit 
board technology. In this case, the isolation between 
the individual delay-line taps is still suf?cient at this 
low-end impedance of the individual voltage dividers. 
Although the voltage dividers have a low division 

ratio because of the low-end impedance being higher 
(10 to 20 0) than in the arrangement of FIG. 1, this 
division ratio is still so high that the low frequency 
components of an echo at the divider output, i.e., at the 
bus, has such low level values as to lie too close to the 
existing noise, so the required signal-to-noise ratio can 
not be met. Therefore, the signal levels at the ampli?er 
input, and mainly those of the low signal components, 
must be raised so that their values comply with the 
required distance from the noise level, which is mainly 
given by the ampli?er noise. Hence, correcting means 
must be used to effect a self-compensation of the time 
domain equalizer. According to the invention, this 
self-compensation is effected by adding to the signal to 
be corrected, besides the echoes delayed by integral 
multiples of 1-, at least one echo delayed by fractions of 

To this end, the delay line TDL 2 of FIG. 2 has, in 
addition to the taps 1.... (n—l )r, taps at fractions of 1', of 
which the taps TM and rlb are shown by way of exam 
ple. a and b are integers greater than 1. By this mea 
sure, the time domain equalizer’s frequency-dependent 
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4 
fundamental attenutation, which is caused by the cou 
pling-out of the signakby means of the ca'pacitor'C and 
by the Z of the bus SL as the low-end voltage-divider 
impedance, can be considerably reduced, thereby im~ 
proving the signal-to-noise ratio. The measure of this 
improvement is also dependent, to a certain extent, on 
the number of echos delayed by fractions of 1'. Since 
this self-compensation affects only those properties of 
the time domain equalizer which are design-dependent 
and remain unchanged during a production series, it is 
not necessary to provide any adjusting means as in the 
case of the echos delayed by 7.... n1, but the adjustment 
is effected once during the design of the circuit; thus, 
the differential capacitors can be replaced by ?xed 
capacitors as is shown in FIG. 2.~ 
Experiments have shown that a sufficient improve 

ment in noise suppression can already be achieved if, 
instead of a large number of echos delayed by fractions 
of 1', only a single echo delayed by 7/2 is applied to the 
bus SL. In FIG. 2, therefore, the tap 1/2 with the asso 
ciated coupling-out capacitor C2 is shown separately. 
What is claimed is: 
l. A time domain equalizer device for broadband 

communication systems having delay line means in 
cluding several taps displaced from each other by a 
time difference corresponding to a half cycle at the 
upper cutoff frequency of the signal to be corrected 
comprising: means for delaying the echos of the signal 
to be corrected by integral multiples thereof tapped off 
from said taps; echo adjusting voltage divider means 
formed from differential-capacitor plates and low input 
resistances for vectorially adding to or subtracting from 
said signal to be corrected; means coupling out the 
corrected signal including a capacitor; and corrected‘ 
signal amplifying means whereby the- frequency re 
sponse resulting from said voltage divider means is 
corrected, said delay line means including means for 
delaying at least one echo by fractions of 'r and adding 
said delayed echo to said signal to be corrected. 

2. The time domain equalizer device; of claim I fur 
ther including additional means for delaying an echo by 
7/2 associated with a separate tap to said delay line 
means and means for adding the resultant signal to said 
signal to be corrected. 

*. * * * * 


